Table of Contents

A. ABSTRACT:
Inside the paranasal sinuses, multiple saclike masses protrude from the lining, blocking one's sense of taste and smell, clogging one's nose with nasal congestion, and causing a continuous runny nose with postnasal drip. This is a common case of nasal polyposis. Nasal polyposis affects up to four percent of the general population, making it one of the most common chronic diseases of the upper respiratory tract (Settipane 1996) . Moreover, in cadaveric studies, the prevalence has been as high as 40% (Larson et al 1994) . Nasal polyps commonly occur in adults over the age of 40, predominantly in males-with a 2:1 ratio of males to females. Young children with nasal polyps typically are diagnosed with cystic fibrosis (Mayo Clinic Staff 2011) .
Though polyps can be removed through Functional Endoscopic Sinus Surgery, they redevelop over time. In addition to surgical methods, physicians prescribe oral and nasal corticosteroids and antileukotrienes. Though immunotherapy treatment is not a traditional form of treatment in medical literature, there are many studies indicating that allergies may contribute to nasal polyposis. In Kentucky, where there are high counts of pollen, there may be a positive association between immunotherapy and nasal polyp recurrence. This local, retrospective study of 90 patients, with pathologically reported nasal polyps, researched any correlations between the recurrence of polyps and the use of immunotherapy treatment. It was found that immunotherapy treatment had no statistically significant effect on the number of revision surgeries or on the time to the recurrence of nasal polyps. Asthma and aspirin hypersensitivity had statistically significant correlations with higher CT scores or more severe disease. Though allergies were dominant in most of the sample population, eosinophilic presence in polyp tissue was not found to have any significant effect on the CT score (based on the Lund-Mackay staging system). Increasing the CT score indicated a shorter time to a polyp recurrence. Thus, it is recommended that patients seek immediate care of polyps at lower stages of disease. More studies need to be conducted to determine any significant associations with immunotherapy treatment and nasal polyposis recurrence. Also, further studies are needed to verify the effectiveness of the recommendation for patients to treat polyps at the earliest stage to prevent further removals, chronic symptoms, and financial investments.
B. BACKGROUND:
History and Pathophysiology of Nasal Polyposis
The first recorded diagnosis of nasal polyposis is found in Egyptian literature dating approximately 2,000 years BCE. In ancient Hindu and Egyptian medical texts, rhinologic procedures date back to 700 BCE. Egyptians were familiar with the nasal cavity, due to the routine removal of cranial contents through the nose to prevent facial disfiguration during the mummification process (Baroodi and Emani 2010). Hippocrates, another early documenter of nasal polyps, was known for having referred to "nasal growths" as "polypus" due to their resemblance to the sea-polyp (Baroodi and Emani 2010). This name, "polypus," remains as the name of the growth today.
In the early first century, polyps were thought to be "affected by moist weather and warm seasons," with many believing that these nasal masses were a systemic disease (Baroodi and Emani 2010). Today, with advanced scientific knowledge, the pathophysiology of polyps is becoming much clearer. Now, it is known that nasal polyposis is a chronic inflammatory disease of the mucus-secreting tissue in the nasal sinuses. From the anterior ethmoid sinuses, the disease can descend to the middle turbinate and the lateral nasal wall into the nasal cavity (See Images 1, 2, & 3). The benign, dropsical polyps protrude from the mucosal lining of columnar epithelial cells, containing mostly goblet cells, which secrete mucus to protect the body from invading pathogens.
(C/V ENT Surgical Group 2009) 1 (Learn Human Anatomy 2014) 2 (Otolaryngology Houston 2013) 3
Histologically, allergic nasal polyps are filled with too much fluid and have high counts of white blood cells, more specifically, "a large quantity of extracellular fluid, mast cell degranulation and eosinophilia" (Casale et al 2011) . Electron microscope studies of the polyps unveil that the surface of the polyp is partially covered by normal, ciliated, respiratory epithelium, disrupted with areas of erosion, damage, and squamous metaplasia. Thus, through metaplasia, the tissue of the polyp is transformed from ciliated columnar epithelium to squamous cells, changing the composition of the surface of the nasal sinus tissue. In addition to the metaplasia, there is also goblet cell and basal cell hyperplasia, which is an increased reproduction of these cells. Underneath this damaged surface epithelium are the basement membrane (lamina reticularis), which begins to thicken, and the stroma of the polyps, which have massive fluid swellings, cyst-like formations, and subepithelial fibrosis with an accumulation of extracellular matrix (Wladislavosky-Waserman 1984) . (See Image 4). (Ponath 1996) 4 Above is a human nasal polyp (A and C) and adjacent nasal mucosa (B and D) with endothelium lining venules (v), eosinophils (arrows), mononuclear cells (arrowheads). In the contrasting adjacent respiratory tissue, there is normal pseudostratified columnar epithelium and no eosinophil infiltration (B).
Most of the nasal polyp, which is composed of an accumulation of extracellular fluid, or edema, may be caused by severe denervation in polyp tissue with open endothelial junctions of venules, causing vascular leakage. Many speculate that this denervation of nasal polyps causes a decrease in secretory activity of the glands and induces an abnormal vascular permeability, leading to an irreversible tissue edema. Nasal polyps develop in areas where the lining of the nasal cavity joins that of the sinuses, and these marginal zones contain thin nerve fascicles (Cauna et al 1972) , which may be more sensitive to damage from eosinophil derived proteins (Mygind 1982) . Inside the polyp, the accretion of white blood cells, including eosinophils, neutrophils, plasma and mast cells, macrophages, and lymphocytes, is caused by an immune response to fulfill pathogenic defense roles (Hirschberg et al 2003) . IgE or Immunoglobin E (an antibody produced in response to an allergic or asthmatic reaction) activates the mast cells, which undergo degranulation, releasing histamine, activating the allergic reaction. The eosinophils also undergo degranulation, producing toxic mediators and a variety of cytokines, chemokines, growth factors, and Interleukin 5, or IL-5, which are secreted from the body's T cells to activate B cells to make more IgE antibodies (Rinia et al 2007) . Eosinophils contribute to the polyp formation and growth by causing inflammation and by exerting their effects on extracellular matrix-including stimulation of collagen synthesis and delayed apoptosis (Jankowski 1996) . In conjunction with eosinophils, myofibroblasts, which help in a damagerepair response, commonly accumulate in high density in the stem of the polyps. Myofibroblasts play a role in the pathological tissue changes seen in the stem of nasal polyps by producing large amounts of extracellular matrix molecules, such as collagens type I, II, IV, VIII, and fibronectin.
Fibroblasts in nasal tissue are activated by growth factor-Beta (TGF-Beta) into myofibroblasts.
High levels of this growth factor are secreted by infiltrating eosinophils, and very likely, by the polyp epithelium (Ohno et al 1992) . This current cellular-based model of nasal polyp formation can be characterized as inflammatory. According to DeMarcantonio et al 2011, nasal polyposis is the "end product of chronic rhinosinusitis," which is a "condition in which the sinuses surrounding the nasal passage become inflamed, or swollen" (Yale School of Medicine 2014).
There is also a correlation between the extent of eosinophilia and polyposis severity (Rinia et al 2007) . However, much is still unknown as to what is triggering this overwhelming immune response in a specific nasal area. More specifically, the exact reason for the activation of significantly high amounts of eosinophils is unknown, though it has been found that nasal polyposis has a "strong association with allergy, infection, asthma and aspirin hypersensitivity" (Casale et al 2011) .
It should be noted that non-eosinophilic polyps exist, in addition to the common eosinophilic nasal polyps. According to Kim et al 2007 non-eosinophilic polyps also undergo the "production of proinflammatory mediators, fibroblasts, and tissue change" (Chen et al 2005) . According to Rinia et al, there are two categories of eosinophilic nasal polyps: allergic and non-allergic. It is widely accepted that eosinophils are a hallmark of allergy, since the eosinophils are attracted by the release of IL-5, though this is not true for non-allergic nasal polyposis patients (Rinia et al 2007) . These two categories can be difficult to differentiate because the amount of eosinophilia seems to be the same in both groups, with the same polyp formation. The categories or lack thereof of nasal polyps differ across medical literature, as some studies list specific types of polyps (Stammberger 1997) . But, in total, most of the studies reviewed showed no categories of polyps at all. Because the categorizations for polyps are varied significantly across studies, it is important to take note that different types of nasal polyps may exist. Typically, nasal polyps are generalized as the edematous, eosinophilic, and allergic types of polyps, with chronic rhinosinusitis. It is important to note the ambiguity in the categorization because, for this particular study, the pathology reports of nasal polyposis do not specify the type of nasal polyp. Rather, the reports generalize simply the presence or absence of nasal polyps and their eosinophils. This ambiguity may or may not factor into the results of the study.
In order to assess the factors that are associated with inflammation in the sinonasal areas that lead to nasal polyp growth, the multifactorial cause of nasal polyps will be focused into four main categories -infections, allergies, asthma, and aspirin hypersensitivity.
Current Hypotheses on Multifactorial Causes of Nasal Polyps
Infections
There are various hypothesized infectious causes of nasal polyposis, including
Staphylococcus aureus and fungus. According to a few studies, there is a significant correlation between the colonization of the nasal mucosa by Staphylococcus aureus and nasal polyposis (Araujo 2003) . Other bacteria such as, Staphylococcus pneumonia, Bacteroides fragilis, and
Pseudomonas aeruginosa (found in cystic fibrosis) are all common pathogens associated with rhinosinusitis and polyposis. Staphylococcus aureus is present in the mucin adjacent to nasal polyps in about 60 to 70% of cases of massive nasal polyposis (Pawankar 2003) . According to the superantigen hypothesis, Staphylococcus produces toxins-specifically enterotoxins A (SEA) and enterotoxins B (SEB) and Toxic shock syndrome toxin-1 (TSST-1). These toxins may act as superantigens, causing the activation and clonal expansion of lymphocytes specifically on the lateral wall of the nose (Bernstein 2005) . Th1 and Th2 cytokines are produced by the activated lymphocytes, leading to chronic lymphocytic eosinophilic mucosal disease (Bernstein 2005 , Wedi 2002 ). Th1 messengers help with cell-mediated immunity and macrophage activation or phagocyte-dependent inflammation, while Th2 cells promote strong antibody responses of IgE and accumulate eosinophils and inhibit phagocyte-independent inflammation (Romagnani 2000) .
The SAE acts to nonspecifically activate T cells, thus upregulating and increasing Th2 proinflammatory cytokine levels. In a study, IgE antibodies to SEA and SEB were detected in 50% of nasal polyp tissue and specific IgE antibodies in serum to SEB and TSST were found in 78% of polyposis patients (Tripathi 2004) . Based on Tripathi's study, there is reason to suspect the presence of Staphylococcus in a majority of nasal polyposis patients.
Though the superantigen hypothesis may explain parts of the possible underlying cause of nasal polyposis, it is not recommended that patients are given antibiotics, specifically
penicillinase resistant penicillin, unless tested for bacterial cultures, because of the lack of evidence-based knowledge on the effectiveness in improving the prognosis of patients (Holmström et al 2002) . However, recently there has been an increased attentiveness to the role of bacteria in development of nasal polyposis, as stated by Cervin, who claims that a therapy with macrolide antibiotics, specifically Clarithromycin, leads to a significant reduction of polyp size probably not only for its antibacterial activity but also for an anti-inflammatory effect conferred to this class of drugs (Cervin 2001 Commonly inhaled, fungal elements can become trapped in the sinonasal mucus, drawing eosinophils from the respiratory mucosa into the lumen (Kirtsreesakul 2005 (Bent and Kuhn 1996) . There is still much to be studied about fungi in nasal polyposis, as it is not universally found in nasal polyposis patients.
Allergy
Aside from bacterial and fungal infections, many researchers find that allergies may be contributing to nasal polyposis. Allergies have been implicated with exacerbating nasal polyposis because of three factors: "the majority of nasal polyps have eosinophilia; the association with asthma; and the nasal findings that may mimic allergic symptoms and signs" (Kirtsreesakul 2005 ). Furthermore, according to a study by Keith P. Dolovich, polyp patients had a higher prevalence of positive allergy skin tests than the general population (Dolovich 1997) . In a separate study, patients with positive allergy skin tests were shown to have a higher frequency of multiple nasal polypectomies, or nasal polyp removals, than those with negative allergy skin tests (Pang et al 2000) . There is a debate as to whether or not atopic allergies, which are defined as the hereditary allergies that occur with immediate symptoms from exposure to allergens (pollen, dust mites, mold, animal dander, etc.), are associated with nasal polyposis (The UBC Institute of Allergy 2011). According to Caplin et al 1971, only 0.5% of atopic patients had nasal polyps. However, when looking at an overview of studies on allergy tests in individuals with nasal polyposis, it is evident that there is a higher prevalence of positive allergy skin tests and nasal polyposis than that of the patients without nasal polyposis, with most of the evidence pointing to nasal polyps as a manifestation of a systemic disease (Kirtsreesakul 2005) .
Asthma
Asthma is another factor that is often found in conjunction with nasal polyposis. According to a study conducted by Kountakis and Bradley 2003, it was concluded that patients with asthma undergoing Functional Endoscopic Sinus Surgery (FESS) had higher sinus CT grades compared with patients without asthma. Furthermore, asthmatic and non-asthmatic patients had statistically significant reductions in symptom scores after revision FESS. According to a study by Knud Larsen 1996, it was found that asthma developed before polyps in an average of 69% of the patients. This shows that there is a possibility that asthma may play a role in the development of the polyps. Interestingly, though nasal polyposis appears three times more commonly in males than in females, a woman with polyps is nearly twice more likely to have asthma than a man with polyps (Drake-Lee et al 1984). The reasons behind the associations with sex are still under study. In this same study, again, asthma was found to occur prior to the polyposis. Because data suggests that asthma is correlated with nasal polyps, and often comes chronologically before the nasal polyps, it should be regarded as a factor to be studied.
Aspirin Hypersensitivity
Many studies have described aspirin intolerance as a well-known clinical entity with nasal polyposis. Asthma is a "distinct clinical syndrome, characterized by the precipitation of rhinitis and asthma attacks by aspirin and most of other non-steroidal anti-inflammatory drugs (NSAIDS)" (Kirtsreesakul 2005) . In most cases of nasal polyposis, persistent rhinitis appears at the average age of 30, then asthma, aspirin intolerance, and lastly, nasal polyps (Szceklik et al 2001) . Because asthma and aspirin intolerance are often present with nasal polyposis, patients with these three symptoms are classified as having Samter's triad or aspirin triad. According to a study by Jantti-Alanko et al 1989, it was found that the risk of recurrence of nasal polyposis was significantly greater in patients with ASA hypersensitivity, the frequency of re-operations during the follow-up period was significantly higher in the ASA intolerance group, and the use of topical corticosteroid treatment was also more frequent when compared to groups categorized for atopic allergies and intrinsic diseases.
It is commonly thought that the mechanism behind the aspirin sensitivity has to do with the inhibition of an enzyme called cyclooxygenase (COX). The COX-2 mRNA is often down regulated in nasal polyps of asensitive patients, thus decreasing the release of PGE2 (prostaglandin E2) and an increase in cysteinyl leukotrienes (Picado 2002) . Inadequate production of COX-2 may pre-dispose asthma patients to aspirin hypersensitivity (Picado 2002) .
Furthermore, increased stimulation of cysteinyl leukotrienes can contribute to an uncontrollable inflammatory response and chronic inflammation (Kirtsreesakul 2005) . Thus, aspirin hypersensitivity implies higher inflammation.
Treatments of Nasal Polyposis
The reason why patients seek treatment of nasal polyposis, though it is a benign entity, is because of the symptoms that appear with it. This disease can cause nasal obstruction, hyposmia or anosmia, and nasal discharge (Casale et al 2011 Antihistamines are usually over-the-counter drugs, often sold as fexofenadine or loratadine to name a few. Patients with nasal polyposis may take these antihistamines even if their use with polyps has not been extensively studied (Casale et al 2011) . Antihistamines may be used to alleviate inflammatory symptoms, but are not usually prescribed alone to nasal polyposis patients, due to the lack of data and known effectiveness in decreasing polyps.
Functional Endoscopic Sinus Surgery and CT Scoring
Functional Endoscopic Sinus Surgery (FESS) has long been a successful treatment of nasal polyposis (DeMarcantonio and Han 2011). The endoscopic instrumentation helps to visualize inside the sinonasal cavities with great magnification and clarity. In addition, a shaver can be used to excise the polyps with precision and minimal bleeding. FESS has had success rates reported as high as 85% (Dufour et al 2004) . Though FESS can successfully remove the polyps, it is often reported that patients can lose their sense of smell and still have symptoms. In a study Using the Lund-Mackay system, the evaluated scores from the right and left paranasal sinuses for each listed area range, from 0 to 2. These scores are added to a total score, with a total of 12 for each side. The two scores from the right and left sides can be added to a total score on a scale from 0 to 24 (Lund and Mackay 1993) .
Treatment of Allergies with Immunotherapy
Immunotherapy treatment can be given to a patient subcutaneously (SCIT) or through sublingual immunotherapy (SLIT). Subcutaneous immunotherapy treats the patient in the following manner. The mechanism of action of SCIT includes diminishing allergen-driven Th2 Sublingual immunotherapy is different from SCIT in that doses are taken orally. SLIT functions in the following mechanism. SLIT is comparable with SCIT in that it also causes regulatory T-cell suppression through IL-10 during the early phase of immunotherapy and specific non-reactivity and immune deviation of allergen-specific T cells during the later phase of SLIT. However, unlike SCIT, SLIT does not induce production of TGF-Beta, which suggests that SLIT has less ability to generate allergen-specific T regulatory cells. (Saltoun and Avila 2008) . Immunotherapy, whether treatment is administered by SCIT or SLIT, helps to decrease allergic reactions and inflammation. According to a study of immunotherapy in patients undergoing FESS by Nishioka et al 1994, it was found that the data "suggests…that allergic patients who undergo immunotherapy do better (twofold to threefold) than those who do not undergo immunotherapy and, with the exception of recurrent polyps, do as well as non-allergic patients…polyp recurrence is higher in allergic patients." Though no data analysis found immunotherapy to be statistically significant in decreasing the recurrence, the raw data demonstrates a very slight trend.
C. RESEARCH HYPOTHESES:
In attempt to better understand the development and efficacy of treatment of nasal polyposis, particularly in the Kentucky area, this investigation examined the main contributing factors in polyp recurrence, including allergic, asthma, aspirin hypersensitivity (ASA) causes, and the clinical non-surgical treatments performed, particularly immunotherapy, montelukast and corticosteroids. Due to a lack of information on reported bacterial and fungal infection, these factors were not studied.
The central hypothesis to this study is that immunotherapy treatment will predict longer time intervals between polyp recurrences and will decrease the likelihood of revision surgeries. Supplementary to this prediction, it is also hypothesized that patients using immunotherapy treatments will also have higher CT scores at the beginning of their first FESS, with the postulation that the patients who are typically with the most severe inflammation will use immunotherapy.
There may be different types of polyps, as described in the Background, which differ across literature. If this is true, then not all of the polyps may show eosinophils. Predicting that allergies and inflammatory diseases are largely contributing to the development of nasal polyps, the number of eosinophilic cases will determine whether the general inflammatory polyps are the most populous type in the local area. Since eosinophilic presence is primarily a characteristic of inflammatory nasal polyps from tissue eosinophilia, and can be found in allergic reactions," the presence of eosinophils is also hypothesized to increase CT scores, or greater severity among patients.
D. METHODOLOGY:
Data Collection
Elizabethtown, Kentucky, the site of the study, is a small city in Kentucky, located in close proximity (45 miles immunotherapy, montelukast use, aspirin hypersensitivity, asthma presence, and dates for first, second, and third revision surgeries (or last revision surgery). Since the allergy patients had electronic charts, I learned to use the computer system to find data that was logged electronically. Searching each person's electronic file, I abstracted data on their allergy information to add into the Excel database.
Data Analysis
The This chi-square value is compared with a reference table of X 2 , specifically identifying a critical value with n-1 degrees of freedom (n is the number of categories) and with a p-value of 0.05. If the calculated chi-square value (X 2 ) exceeds the critical value, then there is a significant difference from the expectation. Since sample size is calculated in the degrees of freedom, a small sample size will cause inaccuracies if a chi-square test is used. Therefore, the Fisher's exact test was used for any analysis of variable proportions with recurrences that had low sample sizes.
In addition to this hypothesis, it was determined whether immunotherapy treatment increased the probability of a polyp recurrence happening. To conduct this analysis, a Poisson regression was used because the dependent variable of the recurrence events is a count. For the null, the recurrences were assumed to occur randomly, independently of one another, and with an average rate that would not change over time. Relative risks and 95% confidence intervals for recurrence were generated by category of immunotherapy.
To test if patients with immunotherapy treatment would have higher CT scores, a general linear regression model by the least squares method was used due to the equidistant markers, specifically 1 for "presence," and 0 for "no presence" of immunotherapy treatment. Furthermore, to test if the presence of eosinophils increased CT scores among patients, the linear regression by the least squares method was used due to the equidistant makers, specifically 1 for "presence,"
and 0 for "no presence." The CT score means were compared for presence and no presence of each variable, determining a p-value to state significant differences between the means.
E. RESULTS:
Raw Data This study of 90 nasal polyposis patients first found demographic information on the patient base. The patient population was nearly split evenly between the males and females.
However, as predicted by previously read literature, the male population outnumbered the female population, though not by a 2:1 ratio. There were 48 males and 42 females, out of 90 total patients. Because of the nearly even distribution of sex, this demographic information makes it possible to draw conclusions that are not genetically based. 61% of the total patient population had neither asthma nor aspirin hypersensitivity. 31% of the patients had asthma, while 8% had aspirin hypersensitivity. Only 5.6% of the total population had Samter's Triad, or a combination of asthma, aspirin intolerance, and nasal polyposis. As previously explained, asthma is typically observed as a predecessor to aspirin hypersensitivity. This may possibly explain the raw data distribution of higher asthma cases than aspirin hypersensitivity cases. Eighty-six out of 90 patients underwent allergy testing. Of these 86, 73 had AST, while 11 had RAST. All those who had been tested had positive results for a list of common allergens (See Appendix). In total, 93% of the total patient population followed through with allergy testing and had tested positive for common allergies. 6 patients had not had any testing.
Fifty-nine patients out of 90 had eosinophils found in their polyp tissues in the pathology reports. This demonstrates that the majority of the nasal polyposis cases were inflammatory. 58 out of the 59 eosinophilic cases were also tested positive for allergies. One patient with eosinophils did not undergo testing for allergies. Not all patients with positive allergy tests had eosinophils found in their tissue pathology reports. 26 patients had positive allergy tests, but no eosinophils found. This shows that although those with eosinophils may likely have allergies, the reverse is not true. Also, this demonstrates that not all of the nasal polyps in this study did not have an inflammatory characteristic.
Following examination of the raw data distributions of demographic and contextual information, the central questions to this study were analyzed in the tables found below. Table 1 demonstrates the effect of immunotherapy treatment on the number of times a patient undergoes revision surgery. Along with the recurrence counts, this table also depicts the whether the immunotherapy and non-immunotherapy groups were the same with regard to presence of the variables listed, or the presence of tissue eosinophils, asthma, aspirin hypersensitivity, montelukast use, and corticosteroid use. The variables that were found to be significant were presence of asthma and use of steroids. Thus, the proportion of patients who had immunotherapy treatment was more likely to have asthma and use steroids. It is unlikely that individuals in each proportion of asthma or steroid use, between immunotherapy and nonimmunotherapy groups, were drawn from the same underlying distribution. Immunotherapy had no significant effect on the number of revision surgeries. Table 4 lists patients with their time intervals between FESS in months, with their CT score and a ratio of their time to recurrence, divided by CT score. The time intervals, or the time to recurrence, were the number of months between Functional Endoscopic Sinus Surgeries.
Patients with multiple recurrences are listed separately, with the same CT score, but different time intervals. Table 4 . In this scatter plot, the ratio of time to recurrence over CT score is plotted against the CT scores. When plotting the ratio, scaling time to recurrence by CT score through ratios make the pattern more apparent. In this figure, the ratio becomes smaller as the length of time decreases and the CT score increases. If the patients have a shorter time to recurrence and a higher CT score, then they will have a lower ratio. The length of time to recurrence decreases by 0.38 times for higher CT scores. presence of eosinophils will result in a higher CT score. Those who had eosinophils versus those who did not have eosinophils did not differ greatly in their CT score means. Thus, the presence of eosinophils did not affect the CT score of the patients. With a low p-value of 0.0199, the patients with asthma were more likely to have higher CT scores. Those with aspirin hypersensitivity were very likely to have an even higher CT score, with a p-value of 0.0040. This result implies that aspirin hypersensitivity may be associated with more severe cases of nasal polyposis in this sample study. Figure 3 . Follow Times. Figure 3 illustrates the follow-up times of patients with and without immunotherapy treatment. In the X-axis, those not using immunotherapy treatment are in the "NO" category and those using immunotherapy treatment are in the "YES" category. The Y-axis was measured for the number of months between the date of the first FESS and the final follow-up date. Patients who were using immunotherapy treatment had a longer follow-up time maximum. There were 2 outliers, with immunotherapy, in this graph. The average distribution of follow-up time for those not on immunotherapy was slightly longer than the mean follow-up time of those on immunotherapy treatment. However, the differences between these two groups was not significant. Thus, the analysis of the recurrences and effect of immunotherapy can be interpreted independently of the total time following the patients.
F. STRENGTHS & LIMITATIONS:
There were many strengths and limitations in this retrospective study. Due to the retrospective nature, it was difficult to control for various variables in the sample population.
However, some control was achieved through the layout of this study, strengthening its validity.
Only one surgeon operated on all of the 90 patients, creating consistency in FESS for each patient. In addition, pathology reports were used to maintain the consistency across all patients.
Nevertheless, striving to create uniformity prevented accuracy in testing for associated factors.
For example, the presence of eosinophils was used as an indicator of inflammation. Also, allergy tests were not taken universally among all of the patients, so the allergy test results were not used as a covariate. This limited the study in finding the direct relevance of allergies in the recurrence values. Because eosinophils were detected by pathology reports that were universal to the sample population, the eosinophilic presence was a primary indication of inflammation and could serve as a secondary indication of allergic symptoms. Since this was a retrospective study, there was no way to control the allergy testing for all of the patients because it was already in the past. This could create a bias for those who may not have had the financial means to get tested. Another limitation to this study was that each of the treatments used had varying durations and timings for each individual patient. These could not be controlled for in this study. Because of efforts to maintain consistency, the patient base was limited to one practice. However, due to this controlled criteria, the small sample size of 90 may have made the analysis challenging in that significance was difficult to attain.
The study was successful in utilizing a universal system of scoring for all of the patients to compare CT scores. The subjectivity of scoring the CT also attained precision by using one scorer throughout all of the patient cases. As described in the section, "Functional Endoscopic Sinus Surgery and CT Scoring," the Lund-Mackay system is a calculation of the left and right sinonasal areas, with a total of 12 for each side and 24 total. But because of the nature of this staging system, there was a limitation in the interpretation of it. For example, if a patient had a severe right side with a score of 12, one could not differentiate this score with another patient with scores of 6 for each side. The experiment could have been improved if CT scores were available unilaterally and for each FESS, particularly for the recurrences. In retrospect, the study could have also been made more accurate if the date of the polyp diagnosis, prior to the actual surgery, was recorded as the recurrence events, rather than the revision surgeries.
A prospective study could allow for the mentioned limitations to be reduced by the following ways: 1) increase the patient sample size, 2) standardize allergy testing, 3) conduct a double-blinded and placebo-controlled test for treatments, 4) include lateral scores of the Lund-Mackay scoring for each revision CT scan and 5) determine dates of polyp appearance instead of removal. Overall, this study had much strength in maintaining constancy in the criteria that could be controlled.
G. CONCLUSIONS:
The objective of this study was to find out if immunotherapy treatment would predict longer time intervals between polyp recurrences and would decrease the likelihood of revision surgeries. According to Table 1 , there was not a statistically significant difference in the numbers of recurrence between the immunotherapy and non-immunotherapy groups. Other variables were reviewed in these results as well. It was found that patients who had immunotherapy treatment were more likely to have asthma. Also, those who had immunotherapy treatment were more likely to use corticosteroids. There are some possible explanations for these results. First, asthma can be exacerbated by allergens. Most likely, patients with severe allergies, who were on immunotherapy, were also asthmatic. Secondly, because topical corticosteroids are often prescribed universally among patients and intermittently for oral steroids, it is not surprising to see that there is overlap between immunotherapy treatments and corticosteroid treatments. The rest of the variables tested in Table 1 were considered insignificant by a high p-value. According
to Table 2 , the immunotherapy group did not have a greater relative risk of recurrence of polyps.
When adjusted for covariates, there were no effects. Immunotherapy patients did not show an increased rate of polyp recurrence, with lower time intervals between FESS events. Therefore, this study failed to reject the null hypothesis.
In addition to the main hypothesis, it was hypothesized that patients using immunotherapy treatments would have higher CT scores. This hypothesis was not rejected.
According to Table 5 , the immunotherapy was correlated with a higher CT score. The p-value was significant at 0.0036. The patients on immunotherapy treatment were more likely to have an increased CT score. This could possibly be explained by the idea that patients with immunotherapy may present more severe inflammation and thus higher CT scores.
When examining the effect of recurrence rates based on the CT score, the higher CT scores had a shorter time to recurrence by 0.38 times. This study also determined whether the general inflammatory polyps were the most populous type in the local study and whether the presence of eosinophils increased CT scores. From the raw data counts, it was apparent that most of the patients did have inflammatory, eosinophilic polyps. Also, when analyzing the effect of eosinophils on CT scores, Table 5 shows that the presence of eosinophils had no effect on increasing the CT scores. This finding adds to the current literature in that a differentiation between the eosinophilic and non-eosinophilic polyps can better determine the effectiveness of treatment strategies. In addition to this finding, aspirin hypersensitivity was found to be the factor associated with the highest CT score, with asthma second in causing higher CT scores. In the results, the mean CT score of the aspirin hypersensitive patients was 17.71, while those with asthma had an average CT score of 13.36. Thus, it is evident that the factor of aspirin hypersensitivity is associated with the highest CT score. This finding agrees with current literature that aspirin hypersensitivity exacerbates nasal polyp inflammation.
Overall, the location of Elizabethtown as proximate to the top allergy capital in the US was indicative of a high number of positive allergy cases among nasal polyposis patients, with
93% of the total population tested in the raw data. However, tissue eosinophilic presence had no association with more severe disease. Aspirin hypersensitivity was correlated with the most severe nasal polyposis cases. Immunotherapy treatment was not statistically significant in successfully lowering the number of nasal polyposis recurrences and extending the time interval between recurrences. Increasing the CT score indicated a faster recurrence.
It may save money, time, pain, and surgical risk to advise a nasal polyposis patient to undergo FESS with the earliest finding of nasal polyps or with the lowest CT score possible. symptom presence. However, surgical risk should also be considered. Therefore, it is recommended that physicians detect nasal polyposis in early stages and intervene surgically.
Other medicinal treatments may be more effective in keeping inflammation low due to open paranasal sinuses from the eradication of polyps. Further studies need to be conducted to verify these results and to determine the cause of nasal polyposis and the effects of immunotherapy treatment.
H. APPENDIX:
List of common allergens tested at Wolf and Yun PSC. 
